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(54) Cooled turbine vane assembly 



(57) A vane assembly (14) for a gas turbine engine 
(12) includes a plurality of vanes (28), each having a 
forward compartment (44) and an aft compartment (46), 
an inner vane support (30), a casing (16), and apparatus 
(50,54) for maintaining a pressure difference between 
the compartments. The casing (16), which includes an 



annulus (18), is positioned radially outside of the vanes. 
The vanes (28) extend between the inner vane support 
(30) and the casing (16). The apparatus for maintaining 
a pressure difference may comprise a flow meter 
(50,54) at the entrance to the aft compartment. A mod- 
ulating valve (22) may be provided to control the flow of 
cooling air into the annulus, and thus into the vanes. 
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Description 

This invention relates to gas turbine engines in gen- 
eral, and cooled turbine vane assemblies in particular. 

Turbine sections within an axial flow turbine engine 
generally include a plurality ot rotor assemblies and sta- 
tionary vane assemblies. The rotor assemblies, each 
comprising a disk and a plurality of rotor blades circum- 
f erentially disposed around the disk, rotate about an axis 
extending through the turbine engine. The vane assem- 
blies, one of which is disposed aft of each rotor assem- 
bly, include a plurality of vanes and an inner vane sup- 
port. The outer radial end of each vane is fixed to the 
casing of the turbine section and the inner radial end of 
each vane is fixed to the inner vane support. 

The thermal environment within the turbine section 
necessitates cooling both the vane assemblies and the 
rotor assemblies, although the amount of cooling re- 
quired depends upon the power setting of the engine. 
Typically, air at a pressure higher and a temperature 
lower than that of the core gas flow will be passed 
through the vane and rotor assemblies as a cooling me- 
dium. Bypass air originating from a fan section, or air 
bled off of a compressor section, provides the cooling 
air at the higher pressure and lower temperature. In 
some turbine stages, cooling air passes through the 
vanes and into the vane support before being directed 
into an aft rotor assembly by a plurality of tangential on- 
board injectors (also known as TOBI's). The TOBI's, 
which are formed within or attached to the inner vane 
support, direct the air exiting the inner vane support in 
a direction substantially tangential to the rotor assembly 
plane of rotation. The injectors are aligned within disk 
inlet orifices, thereby enabling cooling air exiting the 
vane support to enter the disk of the rotor assembly and 
pass thereafter up and into the blades. 

A person of skill in the art will recognize that there 
is a tension between the need to cool the turbine sec- 
tions and the efficiency of the engine. It is often desirable 
to cool the turbine sections with air bled from a compres- 
sor stage, for example, because it has been worked to 
a higher pressure and therefore has the energy neces- 
sary to travel through a vane assembly and a subse- 
quent rotor assembly. A significant percentage of the 
work imparted to the air bled from the compressor, how- 
ever, is lost during the cooling process. The lost work 
does not add to the thrust of the engine and therefore 
negatively affects the overall efficiency of the engine. 

To minimize the amount of energy lost in the cooling 
process, it is known to add flow restricting devices either 
upstream of where cooling air enters each vane, or im- 
mediately inside each vane. The flow restricting devices 
conserve energy by limiting the flow of cooling air into 
each vane. A consequence of limiting the flow, however, 
is a pressure drop across the restricting device. The 
amount of pressure drop permissible is limited because 
a minimum pressure must be maintained within each 
vane to prevent the inflow of hot core gas flow, or in the 



case of a TOBl arrangement the minimum pressure may 
be that which is necessary to cool the aft rotor assembly. 
Another consideration in cooling air pressure is the 
cross-sectional area of apertures within the vanes 
5 through which cooling air may exit the vane and pass 
out into the core gas flow. Theoretically, apertures can 
be designed which satisfy the cooling needs of the vane 
and help maintain the minimum pressure necessary 
within the vane along the leading edge. In reality, how- 
10 ever, the cross-sectional area of those optimum aper- 
tures is so small that the apertures are either impossible 
to cast within the vanes, or are cost prohibitive to ma- 
chine in the vanes. Apertures having a cross-sectional 
area greater than optimum are therefore utilized, and 
15 additional flow is required within the blade to maintain 
the minimum required pressure. Hence, there is a limit 
to the extent which cooling air flow can be restricted un- 
der presently available vane design. 

A further complication in the tension between effi- 
20 ciency and cooling is the future direction of compressor 
design. For a variety of reasons, it is advantageous to 
minimize the numbers of compressor stages within a 
gas turbine engine. Decreasing the number of compres- 
sors does not, however, decrease the work requirement 
25 of the compressor stages. On the contrary, with fewer 
number of compressor stages, each stage is required 
to do more work. Increasing the work of each compres- 
sor stage increases the jump in output gas pressure and 
temperature between each stage. At present, cooling air 
30 is bled off of the compressor stage having an output 
pressure closest to the minimum required pressure for 
cooling purposes. Minimizing the difference between 
the bled gas pressure and the minimum required cooling 
air pressure minimizes the amount of work lost to cool- 
35 ing. In future compressor designs, the "jumps" between 
compressor stages will be greater, thereby potentially 
increasing the difference in pressure available and that 
needed for cooling purposes and therefore decreasing 
the efficiency of the engine. 
40 What is needed, therefore, is a turbine vane assem- 
bly that may be adequately cooled using a minimum of 
cooling air, thereby increasing the efficiency of the en- 
gine. 

According to a first broad aspect, the invention pro- 
45 vides a vane assembly for a gas turbine engine com- 
prising an inner vane support, an outer casing, .and a 
plurality of vanes, each vane having a forward and an 
aft compartment, the assembly additionally comprising 
means for maintaining a pressure difference between 
50 the forward and aft compartments. 

According to one aspect of the present invention, a 
vane assembly for a gas turbine engine is provided, 
which includes a plurality of vanes, an inner vane sup- 
port, a casing, and means for maintaining a pressure 
55 difference. Each vane has a leading edge, a trailing 
edge, an outer radial end, an inner radial end, and an 
internal cavity. The internal cavity includes a forward 
compartment adjacent the leading edge and an aft com- 
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partment adjacent the trailing edge. The casing, which 
includes an annulus, is positioned radially outside of the 
vanes. The vanes extend between the inner vane sup- 
port and the casing. The means for maintaining a pres- 
sure difference maintains a difference in the pressure of 
the cooling air passing through the forward and aft com- 
partments of the vane cavity under operating conditions. 

In one embodiment of the present invention, the 
means for maintaining a pressure difference between 
the forward and aft compartments of the vane cavity is 
disposed in the casing of the vane assembly. 

In another embodiment of the present invention, the 
means for maintaining a pressure difference between 
the forward and aft compartments of the vane cavity is 
disposed in the vanes of the vane assembly. 

According to a further aspect of the present inven- 
tion, a means for modulating the amount of cooling air 
passing through the vanes is provided. The cooling air 
flow may be modulated commensurate with the cooling 
requirement of the vane assembly, while maintaining a 
vane cavity pressure higher than that of the core gas 
flow. 

An advantage of the present invention, at least in 
its preferred embodiments, is that it minimizes the 
amount of cooling air required to cool a vane assembly. 
Providing forward and aft compartments within the vane 
cavity, and positioning a flow meter such that cooling air 
entering the aft compartment must pass th rough the flow 
meter, makes it possible to provide the appropriate 
amount of cooling air to a particular region within a vane 
at the lowest allowable pressure. Core gas flow at the 
leading edge of a vane, for example, is at a higher av- 
erage pressure than core gas flow at the trailing edge 
of a vane. Hence, the danger of hot core gas inflow is 
greater at the leading edge than at the trailing edge. In 
the prior art, the problem was solved by pressurizing the 
vane cavity to the minimum required along the leading 
edge. This solution prevented hot core gas flow, but also 
wasted energy by forcing cooling air flow out of the trail- 
ing edge in excess of that necessary to cool the trailing 
edge. The preferred embodiments of the present inven- 
tion, in contrast, solve the problem by allowing cooling 
air at a first pressure in the forward compartment and 
cooling air at a second, lower pressure in the aft com- 
partment. As a result, hot core gas inflow is prevented 
along the leading edge, without dumping excess 
amounts of cooling air along the trailing edge and vane 
platform edges. 

In the case of a TOBI cooled rotor assembly aft of 
the vane assembly, the forward compartments of the 
present invention also enable cooling air to pass through 
the vanes and into the TOBI's at a higher pressure. The 
compartmentalization of the cavity and the minimal re- 
sistance path through the forward compartment help 
avoid the minimum pressure within the cavity being dic- 
tated by the TOBI requirements. 

Another advantage of the preferred embodiments 
of the present invention is that the compartments permit 



the flow of cooling air between the cooling air source 
and the vane assembly to be modulated commensurate 
with the cooling requirements of the vane assembly. 
Gas turbine engines, particularly those used in perform- 

5 ance aircraft, operate within a large envelope which en- 
compasses a variety of power settings. The cooling re- 
quirements of the engine turbine vane assemblies are 
directly related to the power setting of the engine. In prior 
art vane design, the window between the minimum pres- 

10 sure required within the vane cavities and the amount 
of cooling air flow actually passed through the vanes is 
small enough such that it is impractical to modulate the 
flow commensurate with the power setting of the engine. 
Utilizing the preferred embodiments of the present in- 

*5 vention, however, the minimum amount of cooling air 
pressure required is decreased and the window there- 
fore expanded. As a result, the cooling air flow through 
the vane assemblies may now be modulated commen- 
surate with the power setting of the engine and the effi- 

20 ciency of the engine increased. 

Preferred embodiments of the invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in which:- 

25 FIG. 1 shows a diagrammatic view of a turbine sec- 
tion within a gas turbine engine showing a first em- 
bodiment of the present invention; and 
FIG. 2 shows a diagrammatic view of a turbine sec- 
tion within a gas turbine engine showing a second 

30 embodiment of the present invention. 

Referring to FIG. 1 , a gas turbine engine includes a 
turbine section 10 having a plurality of rotor assemblies 
1 2 and vane assemblies 1 4 disposed within a casing 1 6. 

35 The casing 1 6 includes an annulus 1 8 disposed radially 
outside of the vane assemblies 14. The annulus 18 is 
connected to a cooling air source (not shown) by a plu- 
rality of transfer pipes 20. Each transfer pipe 20 contains 
a valve 22 for modulating the flow of cooling air through 

40 the pipes 20. Each rotor assembly 1 2 includes a disk 24 
and a plurality of rotor blades 26 circumferentially dis- 
posed around the disk 24, for rotation about the central 
axis 27 of the turbine engine. The vane assemblies 14, 
one of which is disposed aft of each rotor assembly 12, 

45 include a plurality of vanes 28 supported by an inner 
vane support 30. Each vane 28 includes an outer radial 
end 32, an inner radial end 34, a leading edge 36, a trail- 
ing edge 38, an internal cavity 40, and a cooling air ex- 
haust passage 42. 

50 The internal cavity 40 of each vane 28 includes a 
forward compartment 44 adjacent the leading edge 36, 
and an aft compartment 46 adjacent the trailing edge 
38. In a first embodiment shown in FIG. 1 , the vane 28 
extends up to and is received by the annulus 18 within 

55 the casing 16. The two compartments 44,46 within the 
vane cavity 40 are separated by a wall 48 and a flow 
meter 50 disposed within the vane cavity 40. The flow 
meter 50 permits a percentage of the cooling air flow 
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passing through the vane cavity 40 to pass through the 
aft compartment 46, and the wall 48 prevents further 
passage of cooling air into the aft compartment 46. In a 
second embodiment shown in FIG. 2, the vane compart- 
ments 44,46 are completely separated by a wall 48, a 
jumper tube 52 connects the forward compartment 44 
to the annulus 18, and a flow meter 54, disposed be- 
tween the annulus 18 and the aft compartment 46, pro- 
vides a path through which cooling air may enter the aft 
compartment 46. The cooling air exhaust passage 42 in 
both embodiments is fixed to, or formed within, the inner 
radial end 34 of the vane 28, and extends between the 
inner vane support 30 and the forward compartment 44. 

Referring to FIGS. 1 and 2, in both embodiments 
the leading edge 36 of each vane 28 includes a plurality 
of apertures 55 through which cooling air may exit the 
forward compartment 44 and mix with core gas flow 56. 
The forward compartment 44 may also include a plural- 
ity of dividers 58 to direct the cooling air flow through 
the forward compartment 44. In both embodiments, the 
aft compartment 46 includes a serpentine arrangement 
of dividers 60 for directing the flow of cooling air through 
the aft compartment 46. Apertures 62 disposed along 
the trailing edge 38 provide an exit path for cooling air 
within the aft compartment 46. 

The inner vane support 30 is formed from a forward 
member 64 and an aft member 66 that bolt together to 
form an annulus 70. The outer radial surface 72 of the 
inner vane support 30 includes a plurality of seats 74, 
circumferentially disposed around the support 30, for re- 
ceiving the inner radial ends 34 of the vanes 28. The aft 
member 66 includes a plurality of tangential on-board 
injectors 76 (also known as TOBI's), circumferentially 
disposed around the aft member 66. 

Operating conditions for the engine may be de- 
scribed as the engine operating in a steady-state con- 
dition, correlating to the power setting of the engine. 
Work is imparted to the air within the compressor and 
fan sections (not shown) before fuel is added and the 
mixture combusted. Some of the worked air is bled off 
and directed through transfer pipes 20 to the turbine 
section 10 for cooling purposes. For sake of clarity, air 
bled off of either a fan section or a compressor section 
may hereafter be referred to as "cooling air". Under full 
power, turbine cooling demands are at a peak and the 
modulation valves 22 disposed within the transfer pipes 
20 admit all of the gas bled off to the annulus 18 within 
the casing 16. Under less than full power settings, tur- 
bine cooling demands are less than peak and the mod- 
ulation valves 22 can be adjusted to admit less than all 
of the bled air to the annulus 18. As a result, the con- 
sumption of the cooling air decreases and the efficiency 
of the engine increases. 

Referring to FIG. 1 , in the first embodiment cooling 
air admitted to the annulus 1 8 passes into the individual 
vanes 28. A portion of the cooling air entering a partic- 
ular vane 28 passes directly into the forward compart- 
ment 44 of the vane 28 and the remainder passes first 



through the flow meter 50 and subsequently into the aft 
compartment 46 of the vane 28. Flow passing through 
the forward compartment 44 maintains a higher overall 
pressure than that of the flow passing through the aft 
5 compartment 46 because of the flow impediment pro- 
vided by the flow meter 50. A percentage of the flow 
passing through the forward compartment 44 exits 
through the apertures 55 disposed along the leading 
edge 36. The remainder of the flow passing through for- 
10 ward compartment 44, less that lost to leakage, exits the 
vane 28 and enters the inner vane support 30 through 
the cooling air exhaust passage 42. The TOBI's 76 sub- 
sequently direct the flow toward the disk 24 of the aft 
rotor assembly 12. Flow entering the aft compartment 
15 46 is directed through a serpentine path for cooling pur- 
poses before exiting the vane 28 through a plurality of 
apertures 62 disposed along the trailing edge 38. 

Referring to FIG. 2, in the second embodiment a 
portion of the cooling air admitted into the annulus 18 
20 passes through the jumper tubes 52 and into the forward 
compartments 44 of the individual vanes 28. The differ- 
ence in overall gas pressure between that within the an- 
nulus 18 and that within the forward compartments 44 
is minimal, as the jumper tubes 52 provide minimal re- 
25 sistance to flow passing into the forward compartments 
44. The remainder of the cooling air within the annulus 
18, less that lost to leakage, passes through the flow 
meter 54 before entering the aft compartment 46. Once 
the cooling air has entered the forward 44 and aft 46 
30 compartments in the second embodiment, the gas takes 
the same paths as those described above for the first 
embodiment. 

Thus it will be seen that, at least in its preferred em- 
bodiments, the present invention provides a turbine 
35 vane assembly that may be adequately cooled, that us- 
es a minimum amount of cooling air, and therefore max- 
imizes engine efficiency, and that includes means for 
modulating the flow of cooling air through the vane as- 
sembly. 

40 Although this invention has been shown and de- 
scribed with respect to the detailed embodiments there- 
of, it will be understood by those skilled in the art that 
various changes in form and detail thereof may be made 
without departing from the scope of the invention. 

45 

Claims 

1. A stationary vane assembly (14) for a gas turbine 
50 engine (12) comprising: 

a plurality of vanes (28), each vane having a 
leading edge (36), a trailing edge (38), an outer 
radial end (32), an inner radial end (34), and an 
55 internal cavity (40), said internal cavity includ- 

ing a forward compartment (44) adjacent said 
leading edge (36), and an aft compartment (46) 
adjacent said trailing edge (38); 
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an inner vane support (30) having a plurality of 
seats (74) for receiving said inner radial ends 
(34) of said vanes (28), and a plurality of exit 
apertures through which cooling air may exit 
said inner vane support; 
an outer casing (16) positioned radially outside 
of said vanes (28), having an annulus (18) dis- 
posed within said outer casing, wherein said 
outer radial ends (32) of said vanes (28) attach 
to said outer casing (16); and 
a flow meter (50,54) wherein cooling air travel- 
ling between said annulus (18) and said aft 
compartments (46) must pass through said flow 
meter (50,54). 

2. A stationary vane assembly as claimed in claim 1, 
wherein said flow meter (50,54) is positioned be- 
tween said annulus (18) and said aft compartment 
(46) of each said vane cavity (40), said assembly 
additionally comprising a plurality of jumper tubes 
(52), extending between said annulus (18) and said 
forward compartment (44), said jumper tubes (52) 
providing a travel path for cooling air between said 
annulus (18) and said forward compartments (44). 

3. A stationary vane assembly as claimed in claim 1 , 
wherein: 

said forward and aft compartments (44,46) are 
separated from each other by a wall (48) and 
said flow meter (50,54); 
said inner vane support (30) is in communica- 
tion with said forward compartment (44) of each 
said vane (28) such that cooling air within said 
forward compartments (44) may exit said for- 
ward compartments (44) and pass into said in- 
ner vane support (30); and 
said annulus (18) disposed within said outer 
casing (16) is in communication with each said 
vane cavity (40) such that cooling air within said 
annulus (18) may exit said annulus (18) and 
pass into each said vane cavity (40); 
wherein a portion of said cooling air passing in- 
to said vanes (28) passes into said forward 
compartment (44), and a portion of said cooling 
air passes through said flow meter (50,54) into 
said aft compartment (46). 

4. A stationary vane assembly according to any pre- 
ceding claim, wherein under operating conditions 
said flow meter (50,54) restricts the flow of cooling 
air into said aft compartment (46) such that a first 
difference in pressure between said annulus (18) 
and said aft compartments (46) is greater than a 
second difference in pressure between said annu- 
lus (18) and said forward compartments (44). 

5. A stationary vane assembly according to any pre- 



ceding claim, wherein under operating conditions, 
said flow meter (50,54) restricts the flow of cooling 
air into the aft compartment (46) of each vane (28), 
thereby creating a difference between the pressure 
s in the aft compartment (46) and the pressure in the 
forward compartment. 

6. A stationary vane assembly according to any pre- 
ceding claim, further comprising: 

10 

transfer piping (20), extending between a gas 
source and said annulus (18), for transferring 
cooling air to said annulus (18); and 
modulating valve means (22), disposed within 
75 said transfer piping (20), for modulating the flow 

of cooling air into said annulus (18). 

7. A stationary vane assembly according to any pre- 
ceding claim, wherein said exit apertures of said in- 

20 ner vane support (30) are nozzles (76) formed to 
direct air in a plane parallel to an axis of rotation of 
an aft rotor assembly. 

8. A stationary vane assembly according to any pre- 
25 ceding claim, wherein each said vanes (28) further 

comprises a cooling air exhaust passage (42) ex- 
tending between said forward compartment (44) of 
said vane and said inner vane support (30). 

30 g. a method for adjustably cooling a turbine vane as- 
sembly, comprising the steps of: 



providing a cooling air source; 

providing a turbine vane assembly (1 0) having: 

a plurality of vanes (28), each vane includ- 
ing a forward compartment (44) and an aft 
compartment (46); 

an inner vane support (30), having seats 
(74) for receiving said vanes (28), posi- 
tioned radially inside of said vanes (26); 
an outer casing (16), positioned radially 
outside said vanes (28), said vanes (28) at- 
tached to said outer casing (1 6); 

directing cooling air from said cooling air source 
through said outer casing (16) and into said 

vanes (28); 

providing means (50,54) for making a pressure 
difference between cooling air within said for- 
ward compartment (44) and cooling air within 
said aft compartment (46); and 
creating a pressure difference between said 
forward compartment (44) and said aft com- 
partment (46), such that the average pressure 
within one of said compartments is greater than 
the average pressure within the other of said 
compartments. 



7. 

20 

8. 

25 
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10. A method for adjustably cooling a turbine vane as- 
sembly according to claim 9, further comprising the 
steps of: 

providing means (22) for modulating the flow of 
cooling air into said vanes (28); and 
modulating the flow of cooling air into said 
vanes (28), commensurate with cooling re- 
quirements within said vane assembly. 

11. A turbine vane (28), comprising: 



ing into said annulus (18) and said vanes (28) 
when less cooling is required. 

1 4. A vane assembly for a gas turbine engine compris- 
5 ing an inner vane support (30), an outer casing (16), 
and a plurality of vanes (28), each vane (28) having 
a forward and an aft compartment (44,46), the as- 
sembly additionally comprising means (50,54) for 
maintaining a pressure difference between the for- 
w ward and aft compartments (44,46). 



a leading edge (36), opposite a trailing edge 
(38); 

a first radial end (34), opposite a second radial is 
end (32); and 

an internal cavity (40), including a forward com- 
partment (44) adjacent said leading edge (36), 
and an aft compartment (46) adjacent said trail- 
ing edge (38), said cavity (40) extending be- 20 
tween said radial ends (32,34); and 
a flow meter (50), disposed within said cavity 
(40); 

wherein said compartments (44,46) are sepa- 
rated from each other by said flow meter (50) 25 
and a wall (48); and 

wherein cooling air within said cavity (40) must 
pass through said flow meter (50) before enter- 
ing said aft compartment (46). 

30 

12. A turbine vane according to claim 11, wherein said 
vane (28) further comprises a cooling air exhaust 
passage (42) extending out of said first radial end 
(34) from said forward compartment (44), thereby 
providing a passage through which cooling air may 35 
exit said forward compartment (44). 



13. An adjustably cooled turbine vane assembly, com- 
prising: 

40 

a plurality of vanes (28), each vane (28) having 
an internal cavity (40) through which cooling air 
may be passed; 

an inner vane support (30), having a plurality of 
seats (74) for receiving said vanes (28); 
an outer casing (16), positioned radially outside 
of said vanes (28), having an annulus (18) dis- 
posed within said outer casing (16), wherein 
said outer radial ends (32) of said vanes (28) 
attach to said outer casing (1 6), and said annu- 5C 
lus (18) is in communication with each said 
vane cavity (40) such that cooling air within said 
annulus (18) may exit said annulus (18) and 
pass into each said vane cavity (40); and 
means (20) for modulating the flow of cooling si 
air into said annulus (18) from a cooling air 
source, wherein said means (20) may be ad- 
justed to reduce the amount of cooling air pass- 
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